Introduction {#sec1_1}
============

Hemoglobin S/O~Arab~ (Hgb S/O~Arab~) is a rare hemoglobinopathy that causes sickling of red blood cells. This sickling causes vaso-occlusive signs and symptoms similar to those seen with sickle cell disease (Hgb SS and Hgb SC) \[[@B1]\]. The characteristic molecular pathology is hemoglobin comprised of two variant β-globin chains: β-6 glutamine to valine substitution (Hgb S) and β-121 glutamine to lysine substitution (Hgb O~Arab~). High-performance liquid chromatography, isoelectric electrophoresis, and mass spectrometry techniques are used to make the diagnosis \[[@B2]\]. Hgb S/O~Arab~ occurs more frequently among those with Arabic heritage, but has been described in the USA, Eastern Europe, and Jamaica \[[@B1]\].

There is a paucity of literature on the retinal findings in patients with Hgb S/O~Arab~, with the last report dating to 1979, describing peripheral ischemia and neovascular sea fans as seen in sickle cell retinopathy (SCR) \[[@B3]\].

In this report, we present 2 patients with Hgb S/O~Arab~ retinopathy, one with peripheral ischemia and no neovascular disease, and one who developed advanced proliferative retinopathy in one eye and central retinal ischemia in the fellow eye. Multiple imaging modalities were used in diagnosis. These findings reinforce the notion that Hbg S/O~Arab~ retinopathy manifests similarly to SCR, and there is need for ophthalmic screening in this population.

Case One {#sec1_2}
========

A 23-year-old African-American female with Hgb S/O~Arab~ disease was referred to the retina clinic evaluation. At the time of initial examination, her best-corrected distance visual acuity was 20/20 in the right eye and 20/25 in the left eye. Anterior segment examination was within normal limits in both eyes. She was found to have slightly large cup/disc ratio of 0.6 and peripheral sunburst lesions in both eyes (Fig. [1a](#F1){ref-type="fig"}). Fundus autofluorescence showed retinal changes corresponding to the sunburst lesions, with hyperautofluorescent areas encircling hypoautofluorescent areas of RPE hyperplasia (Fig. [1b](#F1){ref-type="fig"}). Fluorescein angiography revealed arteriovenular anastomoses and peripheral retinal ischemia in both eyes without neovascularization (Fig. [2](#F2){ref-type="fig"}).

Case Two {#sec1_3}
========

A 37-year-old African-American female with Hgb S/O~Arab~ presented to the clinic with sudden decrease in vision of her right eye. On examination, her vision was hand motion in the right eye and 20/20 in the left eye. Pupils were reactive to light, with no relative afferent pupillary defect. Intraocular pressure and anterior segment examination were normal. There was a dense vitreous hemorrhage in the right eye causing a poor view to the posterior pole and periphery. In the left eye, the optic nerve had a cup/disc ratio of 0.5 and the macula was within normal limits. The retinal vessels were noted to be sclerotic in the temporal and nasal periphery. B-scan of the right eye revealed an attached retina, but there was evidence of tractional membranes in the posterior pole. Fluorescein angiography of the left eye showed extensive peripheral ischemia with "sea fanning" consistent with proliferative SCR (Fig. [3](#F3){ref-type="fig"}).

She underwent 23-G pars plana vitrectomy with membrane segmentation and endolaser in the right eye for the vitreous hemorrhage (Fig. [4a](#F4){ref-type="fig"}). Delamination was avoided where membranes were firmly adherent to the vascular arcades. At the 1-month follow-up appointment, she reported having sudden painless vision loss 2 days prior in her left eye. Her vision at this time was 20/100 in right eye and 20/50 in left eye. No relative afferent pupillary defect was noted. Fundus examination of the left eye revealed patchy areas of retinal whitening around the fovea (Fig. [4c](#F4){ref-type="fig"}), consistent with multiple branch retinal artery occlusions (BRAO). The patient was offered a fluorescein angiogram at this time to confirm the diagnosis, but she declined. OCT done a few weeks later showed residual tractional membranes in the right eye (Fig. [4b](#F4){ref-type="fig"}). In the left eye, inner retinal atrophy consistent with previous BRAO was seen (Fig. [4d](#F4){ref-type="fig"}).

Discussion {#sec1_4}
==========

Our cases document several possible retinal complications of Hgb S/O~Arab~. In a literature search, there were only 3 previously reported cases of SCR secondary to Hgb S/O~Arab~, with the last case reported in 1979 \[[@B1], [@B3]\]. Authors described findings of occluded peripheral arterioles, hyper- and hypo-pigmented chorioretinal lesions, sunburst lesions, and neovascular sea fans. Drawings and fluorescein angiography photographs were included in their manuscript \[[@B3]\]. Color photographs and the characteristic findings of Hgb S/O~Arab~ on fundus autofluorescence have not been reported. Further, there have been no reported cases of BRAO secondary to Hgb S/O~Arab~.

Hgb O~Arab~ has been described to clinically manifest most similarly to Hgb SS. Patients with heterozygous and homozygous Hgb O~Arab~ are typically asymptomatic, but homozygotes may have mild hemolytic anemia that the body usually compensates \[[@B4]\]. It has been found that Hgb O~Arab~ stabilizes the polymerization of Hgb S, which irreversibly sickles red blood cells \[[@B1]\]. Thus, patients with heterozygous Hgb S/O~Arab~ present with the same systemic disease severity as homozygous Hgb SS, including hemolytic anemia, jaundice, and vaso-occlusive complication \[[@B5]\].

In the eye, it is possible that Hgb S/O~Arab~ could have properties of both Hgb SS and Hgb SC disease that lead to both vessel occlusion from sickling and relative peripheral retinal ischemia. More patients with Hgb SC disease have visual symptoms compared to those with Hgb SS disease, and the incidence of the neovascular proliferation is greater in Hgb SC disease (45% in Hgb SC disease and 11% in Hgb SS disease) \[[@B6], [@B7], [@B8]\]. A possible mechanism for retinopathy in Hgb SC disease is impaired oxygen transport to the peripheral retina leading to relative ischemia in which many cells remain alive, but oxygen starved, releasing VEGF and inducing neovascularization. Oxygen affinity decreases in red blood cells with Hgb S/O~Arab~ \[[@B5]\]. This impairs oxygen transport and could subsequently cause relative ischemia similar to Hgb SC disease. As Hgb S/O~Arab~ causes sickling and vaso-occlusive disease similar to Hgb SS, sickling of the red blood cells could cause a complete occlusion of the retinal vessel leading to retinal infarction and cell death.

Hgb S/O~Arab~ retinopathy appears phenotypically similar to SCR. SCR evolves in 5 stages: (I) peripheral arteriolar occlusion, (II) arteriovenular anastomoses, (III) neovascular sea fans, (IV) vitreous hemorrhage, and (V) tractional retinal detachment \[[@B9]\] or rhegmatogenous retinal detachment \[[@B10]\]. Central retinal artery occlusion may also occur in Hgb SS \[[@B11]\] or SC \[[@B12]\]. OCT findings of SCR include outer retinal thinning and temporal macular atrophy \[[@B10]\]. OCT angiography is an emerging technology that may be better for quantifying central retinal capillary thinning and foveal avascular zone enlargement in SCR \[[@B10]\]. Fundus autofluorescence is also being investigated as a tool to detect early peripheral retinal changes in SCR and better understand its pathogenesis and progression \[[@B13]\]. As shown by our cases, these studies can be useful for retinal examination of Hgb S/O~Arab~ patients as well, and demonstrate similar findings.

In conclusion, Hgb S/O~Arab~ is a rare hemoglobinopathy that may cause both SCR and vaso-occlusive disease. Patients known to have this hemoglobinopathy should be referred to an ophthalmologist. Due to the rarity of cases, multicenter studies are needed to further elucidate the epidemiology and prognosis of Hgb S/O~Arab~ retinopathy.
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![**a** Red/green Optos® wide-field image demonstrates sclerotic vessels (thin arrow) and sunburst lesion (asterisk). **b** Optos wide-field fundus autofluorescence appearance. Sunburst (asterisk) appears as a hypoautofluorescent lesion surrounded by hyperautofluorescence.](cop-0011-0189-g01){#F1}

![Late-phase Optos® fluorescein angiography image taken of patient 1 shows peripheral ischemia (star) and arteriovenular anastomoses (bold arrows), but without any neovascular leakage.](cop-0011-0189-g02){#F2}

![Late-phase Optos® FA of patient 2 demonstrates arteriovenular anastomoses with areas of neovascular leakage.](cop-0011-0189-g03){#F3}

![**a** Color fundus photograph of the patient\'s right eye after vitrectomy to clear vitreous hemorrhage. Note the appearance of tractional membranes overlying the macula; partial segmentation had been performed, but delamination was avoided over the vascular arcade. Dark areas superiorly correspond to laser treatment. **b** Vertical Zeiss Cirrus® OCT cross-section of the right eye through the fovea, showing persistent tractional schisis of the macula. **c** Color photograph of the left eye, showing whitish areas of perifoveal edema consistent with multiple BRAO. **d** Horizontal OCT cross-section of the left eye through the fovea taken several weeks after the color image was taken, showing inner retinal atrophy suggestive of past retinal arterial infarct.](cop-0011-0189-g04){#F4}
